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SUMMARY 
An experimental  i n v e s t i g a t i o n  has  been conducted i n  the  Langley Vortex 
Research F a c i l i t y  t o  determine t h e  vo r t ex  a t t e n u a t i n g  e f f e c t  of engine t h r u s t .  
Tests were made us ing  a 0.03-scale model of t he  Boeing 747 t r a n s p o r t  a i r c r a f t  
as a vortex-generat ing model. A Learjet-class probe model w a s  used t o  meas- 
u r e  t h e  vortex-induced r o l l i n g  moment a t  a scale sepa ra t ion  d i s t a n c e  of 1.63 
km (0.88 n.  mi.). These tests w e r e  conducted a t  a l i f t  c o e f f i c i e n t  of 1 .4  a t  
a model v e l o c i t y  of 30.48 m / s .  
The d a t a  presented i n  t h i s  paper i n d i c a t e  t h a t  engine t h r u s t  i s  e f f e c -  
t ive as a vo r t ex  a t t enua t ing  device when t h e  engines are operated a t  high 
t h r u s t  levels and are pos i t ioned  t o  d i r e c t  t h e  high-energy engine wake i n t o  
t h e  core  of t h e  vortex.  
operat ing t h e  inboard engine t h r u s t  reversers a t  one-quarter t h r u s t  and t h e  
outboard engines a t  maximum forward t h r u s t .  
The g r e a t e s t  t h r u s t  vor tex- a t tenua t ion  i s  obtained by 
INTRODUCTION 
The l i f t - i n d u c e d  wingt ip  vor tex  assoc ia ted  with  t h e  l a r g e  wide-body jet 
t r anspor t  a i r c r a f t  of today has  become a major problem i n  the  terminal  area 
r e s u l t i n g  from t h e  l a r g e  upset  r o l l i n g  moment induced on smaller following air- 
c r a f t .  
seen hazard during c r u i s e  f l i g h t  long a f t e r  t he  genera t ing  a i r c r a f t  has  passed. 
The wingtip vor tex,  t h e  s t r e n g t h  of which is a func t ion  of l i f t  f o r  a p a r t i c u -  
lar  aspec t  r a t i o  and wing planform, has  been i n  e x i s t e n c e  s i n c e  t h e  beginning 
of f l i g h t ,  becoming an ever- increas ing  problem as t h e  weight of each succeeding 
The p e r s i s t e n t  na tu re  of t h i s  type  of flow has  a l s o  r e s u l t e d  i n  an un- 
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genera t ion  of a i r c r a f t  has  increased.  A 
underway t o  reduce o r  pos s ib ly  e l imina t e  
NASA-wide research  e f f o r t  is now 
t h i s  l i f t - induced  vor tex  by some 
means t h a t  could be r e t r o f i t t e d  t o  e x i s t i n g  a i r c r a f t  t o  cope wi th  t h e  vo r t ex  
per  sis t ence p r  ob l e m  . 
The high-energy wake produced by t h e  l a r g e  jet  engines required f o r  t h e  
wide body t r a n s p o r t s  of today has been proposed as a means of  a t t e n u a t i n g  t h e  
l i f t - induced  vortex.  Resu l t s  of tests conducted t o  determine t h e  vor tex  
a t t e n u a t i o n  due t o  engine t h r u s t  level, t h r u s t  pos i t i on ,  and t h e  e f f e c t  of 
reverse t h r u s t  are presented here.  
t h r u s t  on t h e  c i r c u l a t o r y  f i e l d  surrounding t h e  vo r t ex  as w e l l  as t h e  e f f e c t  
on t h e  vor tex  are included with  t h e  vortex-induced rolling-moment measure- 
ments made a t  1.63-km (0.88-n.-mi.) scale d i s t a n c e  behind t h e  vo r t ex  generat-  
i n g  model. 
Visual  d a t a  i n d i c a t i n g  t h e  e f f e c t  of 
APPARATUS AND PROCEDURE 
F a c i l i t y  Descr ip t ion  
An o v e r a l l  view of t h e  i n t e r n a l  modif icat ion made t o  t h e  towing tank i n  
t h e  t r a n s i t i o n  from t h e  model towing bas in  t o  a Langley Vortex Research F a c i l -  
i t y  i s  shown i n  f i g u r e  1. 
overhead t r a c k  with  a t r anspor t t ype  vor tex-generat ing a i r c r a f t  model b lade  
mounted beneath t h i s  ca r r i age .  A vor tex  probe model is  loca t ed  a t  48.77 m, a 
scale d i s t ance  of 1.63 km(0.88 n. mi.) downstream of t h e  vor tex-generat ing 
The c a r r i a g e  i s  shown mounted on t h e  548.64-m 
model. 
p o s i t i o n  of t h i s  model relative t o  t h e  vo r t ex  core  is determined v i s u a l l y  
dur ing each test, whi le  t h e  induced r o l l i n g  moment i s  recorded i n  t h e  f a c i l i t y  
By us ing  t h e  flow v i s u a l i z a t i o n  system discussed i n  r e f e rence  1, t h e  
test sec t ion .  
The test sec t ion ,  cons t ruc ted  t o  i s o l a t e  t h e  wake of  t h e  c a r r i a g e  and 
t rai lers  from t h e  model wake, is 91.44 m long,  5.49 m wide, and 4.27 m high 




blade  mounts t o  pass. 
t h e  test s e c t i o n  encloses  t h e  e n t i r e  l eng th  of t h e  t r ack .  
The e x t e r i o r  of t h e  bu i ld ing  shown a t  t h e  en t rance  of 
T e s t  Models 
The vor tex-generat ing model i n  f i g u r e  2 i s  a 0.03-scale model of t h e  
€3-747 jet t r a n s p o r t  a i r c r a f t  and i s  shown blade mounted on a n  i n t e r n a l  s i x -  
component s t r a in- gage  balance.  
f i e l d  onboard t h e  v e h i c l e  down t h e  rear po r t i on  of t h e  model b lade  mount t o  
each engine n a c e l l e  f o r  t h r u s t  s imulat ion.  
d i v i d u a l l y  con t ro l l ed  t o  a l low a d i f f e r e n c e  i n  t h r u s t  level between t h e  i n -  
board and outboard engines. 
t r a i l i ng- edge  f l a p s  t o  s imula te  t h e  landing conf igura t ion .  
High-pressure a i r  is piped from a b o t t l e  
The t h r u s t  of each engine i s  i n -  
The model i s  equipped with  both leading-  and 
The probe models used t o  measure t h e  r o l l  induced by t h e  vor tex  of t h e  
E-747 model are shown i n  f i g u r e  3 .  
Learjet class; t h e  o the r  is s i m i l a r  i n  scale s i z e  t o  t h e  DC- 9 t r anspor t .  
The models inc lude  two swept  and tapered wings p lus  two unswept untapered 
research wings having t h e  same span and aspec t  r a t i o  as t h e  swept wings. 
v e r t i c a l  and lateral p o s i t i o n  of t h e  following model may be va r i ed  t o  f i x  t h i s  
model i n  t h e  vor tex  generated by t h e  E-747 model. 
model i s  recorded by a t e l e v i s i o n  camera t o  allow an i n s t a n t  r ep l ay  of each 
test t o  determine t h e  degree of vor tex  c o r e  pene t ra t ion .  The i n t e r n a l  s t r a i n -  
gage balance used with t hese  models i s  a l s o  shown i n  t h i s  f i gu re .  
w e r e  constructed of f i b e r  g l a s s  and aluminum. 
The smaller of t h e  two models i s  i n  t h e  
The 
This  p o s i t i o n  of t he  r o l l  
A l l  models 
PRESENTATION OF RESULTS 
A sequence of photographs of t h e  vo r t ex  flow crea ted  by a E-747 model 
These photo- i n  t h e  Langley Vortex Research F a c i l i t y  i s  shown i n  f i g u r e  4. 
graphs w e r e  taken a t  approximately 0.5-s intervals wh i l e  t h e  model t raversed  
a d i s t a n c e  of approximately n ine  wing spans between each photograph. 
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T h e  moment t h e  vor tex- generat ing model pene t r a t e s  t h e  smoke screen,  t h e  
vor tex  system produced by t h i s  model becomes v i s i b l e  and may b e  observed f o r  
some t i m e  a f t e r  t h e  model has  passed. 
produced by t h e  o u t e r  edge of t h e  outboard f l a p  are shown f o r  each wing panel  
i n  t h e  first photograph. 
o r b i t  about a common axis forming a s i n g l e  v o r t e x  wi th in  four  wing spans be- 
hind t h e  model. This  r e s u l t s  i n  t h e  classical vo r t ex  shee t  emanating from a 
l i f t i n g  wing r o l l i n g  i n t o  a s i n g l e  vo r t ex  i n  t h e  v i c i n i t y  of  each wingt ip ,  
shown i n  t h e  s equen t i a l  photographs. These two vor texes  move downward under 
t h e  i n f luence  of t h e  wing downwash, and t h e  vor tex  cores  become v i s i b l e  with  
t i m e  as a po r t i on  of t h e  smoke material i s  induced upstream along the  p e r i -  
phery of t h e  vor tex  core. This  movement of t h e  smoke along t h e  vo r t ex  core  
poss ib ly  r e s u l t s  from t h e  lower p re s su re  a s soc i a t ed  with t h e  more r e c e n t l y  
formed wake upstream of t h e  smoke screen.  Beyond t h e  r ad ius  of t h e  r o t a t i o n a l  
flow of t h e  vo r t ex  core ,  t h e  i r r o t a t i o n a l  p o t e n t i a l  flow region can be seen. 
. I n  t h e  e f f o r t  t o  reduce o r  e l imina t e  t h e  vo r t ex  hazard through a reduc t ion  i n  
The wing- t ip  vo r t ex  and t h e  vo r t ex  
These two vor texes  produced by each wing panel  
vor tex  flow, i t  should be kept  i n  mind t h a t  t h e  c i r c u l a t i o n  flow shown can 
only be e l iminated by cance l ing  t h e  t o t a l  l i f t  t o  t h e  a i r c r a f t .  
the  angular  momentum of t h e  p e r s i s t e n t  vo r t ex  flow i n t o  l i n e a r  momentum o r  
t u rbu len t  flow, t h e  vo r t ex- c i r cu l a to ry  wake system may poss ib ly  be caused t o  
d i s s i p a t e  more rap id ly .  
By convert ing 
Thrust  E f f e c t  
The r o l l i n g  moment induced by t h e  vor tex  i s  obtained with  t h e  probe 
model as i t  pene t r a t e s  t h e  vor tex  shown i n  t h e  last  photograph of f i g u r e  4 
taken 1.6 s a f t e r  t h e  vor tex- genera t ing  model had passed t h e  test  pos i t i on .  
The l i f t - i n d u c e d  vor tex  i s  r e spons ib l e  f o r  40 t o  50 percent  of t h e  c r u i s e  
drag i n  t h e  form of induced drag  and approximately 70 percen t  of  t h e  drag dur-  
i n g  landing.  
q u i r e  a l a r g e  energy i n p u t  t o  cause t h e  vor tex  t o  break down. It has  been 
shown i n  re fe rences  2 and 3 t h a t  by fo rc ing  a m a s s  of a i r  forward i n t o  t h e  
vor tex  t h e  axial flow i n  t h e  v o r t e x  c o r e  i s  d i s rup ted  such t h a t  t h e  vo r t ex  
This  l a r g e  amount of energy assoc ia ted  with  t h e  vo r t ex  w i l l  re- 
i 
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becomes uns tab le  and breaks down as shown i n  r e f e rence  4. The je t  exhaust 
wake of t h e  l a r g e  engines  employed on today’s t r anspor t  i s  a source  of high 
energy that when proper ly  d i r e c t e d  i n t o  t h e  v o r t e x  c o r e  may t r i g g e r  t h i s  same 
d i s s i p a t i n g  e f f e c t  on t h e  vortex.  
T e s t s  have been conducted with  the  model engine s imula tors  on t h e  B-747 
model operated a t  a s tat ic  gross  sea level t h r u s t  comparable t o  t h e  maximum 
t h r u s t  ob ta inable  by t h e  f u l l - s c a l e  t r anspor t  aircraft. The landing gear  i s  
extended f o r  a l l  tests as a r e s u l t  of t h e  unexpected inc rease  i n  vor tex  
s t r e n g t h  discovered as a r e s u l t  of extending t h e  landing gear.  
The v i s u a l  d a t a  of t h e  e f f e c t s  of engine t h r u s t  on t h e  vo r t ex  formation are 
presented i n  f i g u r e  5. The wingt ip  and f l a p  vor texes  do n o t  appear as d i s -  
t i n c t  as f o r  t he  ze ro  t h r u s t  case when t h e  high-energy je t  engine exhaust  
from t h e  inboard and outboard engines i s  introduced on e i t h e r  s i d e  of t h e  
f i n a l  vor tex  r o l l u p  pos i t i on .  This  f i n a l  p o s i t i o n  w a s  found t o  be approxi-  
mately 55 percent  of t h e  wing semispan during t h e  i n v e s t i g a t i o n  of t h e  s p l i n e  
vo r t ex  a t t e n u a t i n g  device  ( r e f .  2) .  The a t t e n u a t i n g  e f f e c t  of t he  t h r u s t  
should be g r e a t e r  than t h a t  of t h e  s p l i n e  device because of t he  continued i n -  
j e c t i o n  of an air  mass from t h e  engines i n t o  t h e  vo r t ex  formed a t  a p a r t i c u l a r  
pos i t i on  a long t h e  f l i g h t p a t h ,  The amount of engine exhaust t h a t  reaches t h e  
vortex,  of course ,  decreases  as t h e  s epa ra t ion  d i s t a n c e  between the  a i r c r a f t  
and t h i s  p o s i t i o n  increases .  
i n  t h i s  f i g u r e  as w e l l  as t h e  c i r c u l a t o r y  f i e l d  i n  t h e  v i c i n i t y  of  each wing- 
t i p .  
(See r e f .  5.) 
The downwash produced by t h e  wing i s  apparent 
The e f f e c t  of t h r u s t  on t h e  rolling-moment c o e f f i c i e n t  induced on t h e  
Learjet class a i r c r a f t  probe model by t h e  vo r t ex  of t h e  B-747 t r anspor t  model 
with f u l l  landing f l a p s  i s  presented i n  f i g u r e  6. The j e t  engine wake has an 
a t t enua t ing  e f f e c t  on t h e  vor tex  t h a t  reduces t h e  measured r o l l i n g  moment by 
approximately 20 percen t  of t h e  zero  t h r u s t  case a t  t h e  s epa ra t ion  of 1.63 
km (0.88 n. mi.). 
The r e s u l t s  of f l i g h t  tests conducted by t h e  F l i g h t  Research Center 
us ing  t h e  B-747 j e t  t r a n s p o r t  a i r c r a f t  i n d i c a t e  t h e  similar t h r u s t  a t t e n u a t -  
ing  e f f e c t  on the  induced vor tex  ( r e f .  6 ) .  A t  a sepa ra t ion  d i s t a n c e  of ap- 
proximately 9 km (5 n. mi.), t h e  vortex- induced r o l l i n g  moment measured by 
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t h e  s m a l l  jet  a i r c r a f t  (Lea r j e t  c l a s s )  w a s  increased  on an average by approxi-  
mately 40 percent  when t h e  t h r u s t  w a s  reduced from t h a t  requi red  f o r  level 
f l i g h t  wi th  f u l l  f l a p s  deployed, t o  an i d l e  t h r u s t  level. 
tests a t  a sepa ra t ion  d i s t a n c e  of approximately 6.5 km (3.5 n. mi.) a l s o  i n -  
d i c a t e  t h i s  same reduc t ion  i n  vo r t ex  s t r e n g t h  r e s u l t i n g  from t h e  d i s s i p a t i n g  
e f f e c t  of t h e  engine t h r u s t  on t h e  vortex.  
More r ecen t  f l i g h t  
Engine Locat ion 
Nei ther  of t h e  engines  on one wing panel of t h i s  model con f igu ra t ion  is 
d i r e c t l y  a l igned with  t h e  vor tex  spanwise- rollup pos i t i on .  
engine i s  loca ted  a t  t h e  70-percent semispan s t a t i o n ,  and t h e  inboard engine 
i s  a t  40 percent .  A s  s t a t e d ,  t he  p o s i t i o n  of f i n a l  vor tex  r o l l u p  i s  approxi-  
mately 55 percen t  of t he  semispan f o r  t h i s  model; t h e r e f o r e ,  i t  should be  ex- 
pected t h a t  t h e  e f f e c t  of t h r u s t  shown he re  is no t  t h e  m a x i m u m .  
The outboard 
I n  an attempt t o  i nc rease  t h e  vor tex  a t t e n u a t i o n  r e s u l t i n g  from engine 
t h r u s t ,  t h e  outboard engine on t h e  v o r t e x  B-747 model w a s  moved inward along 
t h e  wing lead ing  edge t o  t h e  55-percent semispan s t a t i o n .  
moment model r e s u l t s  obtained with  t h e  outboard engine i n  t h i s  new pos i t i on ,  
wi th  and without t h r u s t ,  are presented i n  f i g u r e  7.  The vor tex  induced r o l l  
va lue  f o r  t h e  t h r u s t - o f f  case i s  s l i g h t l y  h igher  than with  t h e  engine a t  t h e  
70-percent semispan p o s i t i o n ,  poss ib ly  r e s u l t i n g  from the  reduced underwing 
fencing e f f e c t  o f fe red  by t h e  engine-pylon combination loca ted  f u r t h e r  out  
along t h e  wing span. 
tend t o  reduce t h e  s t r e n g t h  of t h e  vor tex ,  as an  assoc ia ted  change i n  span 
load would i n d i c a t e .  Applying maximum t h r u s t  wi th  t h e  outboard engines a t  
t h e  55-percent semispan p o s i t i o n  r e s u l t s  i n  an a d d i t i o n a l  50-percent reduc t ion  
i n  vortex- induced r o l l i n g  moment. 
tex a t t e n u a t i n g  e f f e c t  of engine t h r u s t ,  bu t  a lso  t h e  importance of proper ly  
d i r e c t i n g  t h i s  energy. 
The induced r o l l i n g -  
I n t e r r u p t i o n  of t h e  spanwise flow under t he  wing would 




Thrust  Reversers 
Because t h e  high engine t h r u s t  levels requi red  t o  ob ta in  an apprec iab le  
reduc t ion  i n  vor tex  s t r e n g t h  may n o t  be  app l i cab le  t o  t h e  landing case, i t  
has  been suggested t h a t  t h e  jet  engine t h r u s t  reversers might be employed as 
a vor tex  a t t enua t ing  device.  
t h e  f a n  flow and primary flow of t h e  f a n- j e t  engines approximately 26 
ward of t h e  vertical  plane,  r e s u l t i n g  i n  approximately 42 percent  of t h e  t o t a l  
engine t h r u s t  reversed.  
The reversers on t h e  B-747 ope ra t e  by d i r e c t i n g  
0 
f o r -  
Model tests were conducted using an annular  s t r u c t u r e  a t  t h e  model engine 
f an  e x i t  t o  t u r n  t h e  f an  flow 120" s imulat ing t h e  f u l l - s c a l e  engine r eve r se r .  
The vortex- induced r o l l i n g  moment r e s u l t s  obtained wi th  t h e  two outboard o r  
two inboard engine t h r u s t  reversers deployed, opera t ing  a t  25-percent maximum 
forward t h r u s t ,  and wi th  t h e  nonreversed engines opera t ing  a t  f u l l  t h r u s t  are 
presented i n  f i g u r e  8. 
t imes as e f f e c t i v e  as t h e  outboard r e v e r s e r s ,  r e s u l t i n g  i n  a 60-percent reduc- 
t i o n  i n  t h e  measured vo r t ex  r o l l i n g  moment. 
r eve r se r  conf igura t ion  are presented i n  f i g u r e  9. 
wi th  those  of f i g u r e  4, b a s i c  conf igura t ion  without t h r u s t ,  i n d i c a t e s  t h a t  t h e  
vor tex  core  has  been el iminated whi le  t h e  accompanying c i r c u l a t i o n  has  been 
g r e a t l y  reduced. 
conducted r e c e n t l y  using t h e  B-747 a i r p l a n e  without landing f l a p s  deployed. 
A s i g n i f i c a n t  reduc t ion  i n  t h e  a c t u a l  r o l l  upset  of t h e  probe a i r c r a f t  w a s  
achieved by opera t ing  t h e  outboard engine r eve r se r s  a t  i d l e  t h r u s t  whi le  t h e  
inboard engines developed maximum t h r u s t .  
The inboard engine r eve r se r s  are approximately t h r e e  
The v i s u a l  d a t a  f o r  t h e  inboard 
Comparison of t hese  d a t a  
Ful l- sca le  f l i g h t  tests of reverser e f f ec t iveness  have been 
Mult ivor tex System 
T e s t s  were conducted t o  determine t h e  e f f e c t  of a v a r i a t i o n  i n  span 
l i f t  loading on vor tex  d i s s i p a t i o n .  
t h e  outboard f l a p s ,  r e s u l t i n g  i n  t h e  vor tex  system shown by t h e  v i s u a l  d a t a  
presented i n  f i g u r e  10. 
The span load w a s  a l t e r e d  by r e t r a c t i n g  
These d a t a  i n d i c a t e  t h a t  f o r  t h e  ze ro- th rus t  case 
t h e r e  i s  a d i s t i n c t  wingt ip  and f l a p  vor tex  system. 
on t h e  i n n e r  edge of each inboard f l a p  tend t o  d i s s i p a t e  each o t h e r  as a 
The vor texes  t h a t  form 
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r e s u l t  of their oppos i te  senses  of r o t a t i o n  and proximity aided by t h e  end- 
p l a t e  e t f e c t  of the nearby fuselage.  
edges o r b i t e d  with  t h e  wingt ip  vor texes  u n t i l  t h e  f l a p  vor tex  flow broke down 
at approximately 0.78 km (0.43 n. mi. )  downstream from t h e  model. 
vor tex  p e r s i s t e d  long a f t e r  t h a t ,  as ind ica t ed  by t h e  wel l- def ined vo r t ex  i n  
t h e  last photograph of t h e  f i g u r e  a t  a s e p a r a t i o n  d i s t a n c e  of 1.63 km (0.88 
n. m i . ) .  
Vortexes t h a t  formed at  t h e  f l a p  o u t e r  
The wingt ip  
The e f f e c t  of t h r u s t  on t h e  mul t ivor tex  system r e s u l t i n g  from deploying 
only t h e  inboard f l a p s  i s  presented v i s u a l l y  i n  f i g u r e  11. The core  of each 
vor tex  is v i s u a l l y  d i s s i p a t e d  and c i r c u l a t i o n  has  been reduced as shown pre-  
v ious ly  as a r e s u l t  of t h e  engine wake. 
The measured rolling-moment c o e f f i c i e n t  increased from a va lue  of ap- 
proximately 0.03 t o  0.04 when t h e  f u l l  engine t h r u s t  w a s  appl ied t o  t h e  i n -  
board f l a p  conf igura t ions .  
experienced i n  previous engine t h r u s t  tests. 
v i s u a l  da t a ,  i t  w a s  apparent t h a t  i n  t h e  z e r o - t h r u s t  case, the  wingt ip  v o r t e x  
had moved i n t o  such a p o s i t i o n  relative t o  t h e  probe model a t  t h e  scale d i s -  
This  r e s u l t  w a s  unexpected and had no t  been 
I n  reviewing t h e  videotaped 
tance of 1.63 km (0.88 n. mi.) t h a t  i ts  in f luence  tended t o  reduce t h e  r o l l -  
i n g  moment induced by pene t r a t i on  of  t h e  f l a p  vor tex .  
of t h r u s t  on t h e  wingt ip  vor tex  reduced the  favorab le  e f f e c t  of t h i s  vo r t ex  
on t h e  probe model, r e s u l t i n g  i n  t h e  l a r g e r  f l a p  vortex-induced r o l l .  
The d i s s i p a t i n g  e f f e c t  
There w a s  some i n d i c a t i o n  during t h e  f u l l - s c a l e  f l i g h t  tests of t h i s  
mutual e f f e c t  of t h e  vor texes  on t h e  probe a i r c r a f t  i n  mul t ivor tex  systems. 
These e f f e c t s  have been .assoc ia ted  with  a change i n  s epa ra t ion  d i s t a n c e  be- 
tween t h e  genera t ing  and probe a i r c r a f t  t h a t  alters t h e  relative p o s i t i o n  of 
each v o r t e x  t o  t h e  probe a i r c r a f t .  
CONCLUDING REMARKS 
An experimental  i n v e s t i g a t i o n  t o  determine t h e  d i s s i p a t i n g  e f f e c t  of 
engine t h r u s t  on t h e  l i f t - i n d u c e d  vor tex  of  a model B-747 t r anspor t  a i r c r a f t  
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ind ica ted  that-- 
The s t r e n g t h  of t h e  l i f t- induced  vo r t ex -o f  t h e  B-747 may be a t t e n-  
uated by t h e  t h r u s t  of  t he  l a r g e  f a n - j e t  engines employed by t h i s  
t r an6 po r t . 
The thrust-augmented vor tex  a t t e n u a t i o n  may be  maximized by proper 
engine l o c a t i o n  relative t o  t h e  vor tex.  
Deploying t h e  t h r u s t  reverser on  t h e  inboard engines at low t h r u s t  
levels i s  a very e f f e c t i v e  method of achieving a l a r g e  degree of 
v o r t e x  a t t enua t ion .  
The mutual e f f e c t  of t h e  vor texes  i n  a mul t ivor tex  system may en- 
hance as w e l l  as a t t e n u a t e  t h e  r o l l i n g  moment induced on a follow- 
i n g  a i r c r a f t  as a r e s u l t  of t h e  relative p o s i t i o n  of each vor tex  
t o  t h e  probe a i r c r a f t ,  
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Figure  2.--Photograph of t h e  0.03-scale-model wide-body j e t  t r a n s p o r t  a i r c r a f t  
used as v o r t e x  genera t ing  model. 
F igure  3.--Photograph of t h e  0.03-scale-model DC-9 and Lear je t- c lass  a i r c r a f t  
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Figure 6.--Effect of engine t h r u s t  on vortex- induced r o l l i n g  moment coe f f i-  
c i e n t  with Lear je t- c lass  chase model. L i f t  c o e f f i c i e n t  = 1.40; separa-  
t i o n  d i s t ance  = 1.63 km (0.88 n. m i . ) .  
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Figure  -/.--Effect of engine t h r u s t  on vortex- induced r o l l i n g  moment coe f f i-  
c i e n t  wi th  outboard engines loca ted  a t  55 percent  of wing semispan and 
Lear je t- c lass  chase model. L i f t  c o e f f i c i e n t  = 1.40; s epa ra t ion  d i s t ance  = 
1.63 km (0.88 n. mi-.). 
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Figure  8.--Effect of engine reverse t h r u s t  on vortex- induced r o  
c o e f f i c i e n t  w i th  Learjet-class chase model. L i f t  c o e f f i c i e n t  = 1.40; 
reverse t h r u s t ,  1 / 4  maximum; forward t h r u s t ,  maximum; s e p a r a t i o n  d i s t a n c e  
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